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R ENA L A ND 1- HIATO LO0G IC
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Chief, ClinicalI Malairia Research Unit
Walter Reed Ariny Institute of Reoearcit

Waihington, D.C.

M ALARIA is a major medical problemn of U.S. Army' personnel in
Vietnam. Although it ranks after diarrheal and* common res-

piratory disease as a medIical cause for admission to a. treatment facil-
ityjt malaria requires longer hospitalization for tratnn and con-
valescence and is probAbly the major cause of medical disability of the
military population.

During the four-year interval from 1965 through 1968 there were
more than 26,000 acuite attacks of malaria in U. S. Army personnel in
Vietnam (Table 1). Naival. marine. and air force personnel are reported
separately and thus are not inclu~ded in these statistics. Most of the
attacks wvere duie to I'lasqmoditin falcipairum. The increase in mialaria
since 1965 reflects the increase in the niumber of men assigned to

ietnam and hcnce exposed to malaria. Trhere have been 53 deaths in
army personnel dIuring this 4-year' inmerval directly attributable to ma-
laria and( iti complications. The major complications associated with
a fatal outcome wvere acute renal inslifhciency, cerebral malaria, -and
pulmonary Cdlema. Ini individual eases. miore thanl One of these compli-
cations wiere often present concurrently. It wvas therefore difficult to
determine which wvas p~redomninant. ile decreased rate of mortality
since 1965 was probaly influenced bK a change in antimalarial drug
therapy. Dutrinig tile fail of 965) thle prevalence of resistance to chloro-

qune\vs not rccogni/.cd and many patients were treatedl with chloro-
(line allone uintil resistance w as documented. Tlien addlitional drbgs
wvere administered. Since 1966. combination therapy has been employed
wvhen the dixawiosis of failcipairum mialaria was estalilihed-usually -%ith
quinine. pyritmerhiamine. and dmiolhevulicne(DDlS).

Prf~tled ., par %IP171 *#p , ! ,ai . -. ,n:orci b,) 'Ill- Tropical Dixcn'c Center, St.
(iare, li o-yttal. N rw Ynrl,. N.N. ind 11. h 'erd. Cmny 22)'I')2:d.2t24n. Rahwa;y, N.J.. Ihd at the
('uitcr. 'I% 17. 1-2-

.' .11-111 W, 4 0I.4 \va% . f h Oilr...: .4 41v-r;1 sl t .lz . t c,t2.2
'III[% -ipc'r t, C 2~uin~2 No. ;1I fruir, the Atni Rescalch P'.'u1~r-itt lit Malaria.
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TAzr* I-MALARIA CASES IN U.S. ARMY PERtSONNELBt I3V VIETNAM'

Number Deatha.

1965 1,972 16
1966 6,655 14
1907 9,124& 11
1968 8,616 12
Trotal 26,467 :

*AedicaI Statistics Agency. Office of The Surgeon General. U. S. Arnmy xMrdie.1 Cqwrp'.

TADL?. Il-ACUTE FALCIPARUM MALARIA IN VIETNAM:
MAJOR COMPLICATIONS

Authors: Sheehy and Bliounts
IWebal

Years- J965-1966 96911
Total Casei* .t 00 91003

Major
comiplications:

Renl- '19 8
Cerebral 16- 24
Pulmonary 3 0
Hematologic 21

*Not listed.

Many other patients developed complications but survived. No
comprehensive documentation of complications is available for thc U.S.
Army. However several Arn Medicai Corps officers have aCC,1nlu.-

- - lared data pertinent to the relative occurrence of complications in pa-
tients with malaria. Two separate series of patients are shown ini TFable
11,1, 2 The data from both of these~ repiorts wcrc collected at the 8gth
E vacuation hospital at Qiti Nhon during successive years of obscrva-
dion. The major complication recorded during the year 1965-1966 was
acute renal insufficiency; 19 j)3ticits with this comp~lication were Seen.
Several of the patients were evacuated to facilities for specialized treat-
ment in the Philippines or Japan. l-lowvever, during 1966-1967 OInlk

- eight patients with renal complications were seen and none was evac-
uated for renal insufficiency. Thoy had only mld azotemia and hlel-

Bull. N. Y. Acad. Med.
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oglohinuria. The decreased incidence of renal h-sufticiencV requiring
dialysis remained at a low level.

No comparable e.iie in incidence has heen 'eported for cere-
bral malaria. Criteria for diagnosis, however, art icss rigd for cerebral
malaria than for renal failure and it is therefore diWfcf:u to evaluate
comparative changes in rates.

The other serious complication which has led to a _atai outcome
is pulmonary edema. Patients with pulmonary edenia have L-.en observed
who had no evidence of overhvdration or cardiac decom',nsation.3 The
condition is usually rapidly fatal and only an occasion.al patient has
survived. Hematologic complications (1o not usually lead to death, but
do prolong convalescence; they will be discussed later.

RFNA.L INStWFICIENCY

Blackwater fever -is a urinary manifestation of acute malaria. This
term, however, refers simply to the passage of hemoglobin in- the urine
secondary to rapid or severe Ivsis of ervthrocvtcs. The presence of
blackwater fever in a patient with acute falciparum malaria does not
imply an abnormality of renal function; rather it means that-the plasma
haptoglobin level has been exceeded and- that free hemoglobin, or the
products of its breakdown, are being excreted by the kidney. Black-
water fever is not necessarily associated with- elevation of the blood
urea nitrogen.

Oliguric renal failure is a functional alnormality-the decreased
production of urine. Decre.ised production of urine does not necessarily
accompany overt uremit in malari;i, therefore we prefer the more sim-
ple term of acute renal insufficiency to describe the major renal com-
plication of malaria.

Several features have been regtulaly observed in patients with acute
renal insufficiency associated with falciparum malaria." '  '

Of these, intense parasitenia and severe hemolysis with hemoglo-
tinuria are observed most frequently. In one series of 18 patients, nine
had more than toOW, of their red cells parasitized and 14 had severe
heliolysis and henmglobinuria. In these patients and others hemoglo-
linuria was present prior o the administration of quinine, and patients
were subsequently treated with quinine without apparent increase in
heniolysis;- 's

Dehydration is also conimonlv reported. Uncertainty of fluid-elec-

Vol. 45, No. 10, October 1%9
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trolyte status makes this feature much more difficult to ,sess. Preinfe4>
dion body weight is usually not known, urinary speciK; !'rarity is not
increased as in simple dehydration, and hyponatrenmia ,el .ative watrr

excess is comumon even in uncomplicated malaria infections.'
The fourth feature, hypotension, is usually r t recorded after the

patient is hospitalized and placcd in the supine position. [However,
orthostatic hypotension is common anid may Conltrit)utC to the p)ith,-
ogenesis of renal insufficiency. 1 o

Finally, coagulation defects have beeni foun~d in tpatients with recru-

puII. N. Y. Acad. tred.
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descent falciparun malaria in the United States." The degree of ab-
norynality was usually related to the severity of the illness. In Viet-
nain, five patients with renal insufficiency due to malaria have been
tested for consumptive coagulopathy and four had evidence of this
process.6

The relation between these five features and the pathogenesis ,of
acute renal insufficiency is unknown. Some of these features are known
to he regularly present or essential for the production of acute renal
failure in experimental animals. For example. in the methemoglobin
-ferrocyanide' and glycerol models"3 of experimental acute renal fail-
ur, hene pigments in plasma and urine, dehydration, and sodium
depletion are necessary for the regular production of renal failure.
The relation between the numerous tubular casts in the experimental
models and in patients with renal insufficiency secondary to malaria
has not been defined.

Microscopic examination of percutaneous biopsy specimens from
patients recovering from renal insufficiency associated with malaria
showed minimal histologic alterations: hyaline and hemoglobin casts,
tubular atrophy, and focal fibrosis." Iron-positive pigment was present
in the epithelium- of tubules and in- interstitial cells.

Renal function studies have been performed in patients with vary-
iiig degrees of functional impairment and azotemia. In nonazotemic
patients (Thai civilian" and American military") renal function usually
has been normal. Creatinine or urea clearances and PAH clearances
were usual!y normal with normal filtration fractions.

Figure i illustrates some of the characteristics of the disease; it
.shows the clinical course of a : t-y'ear-old patient who had acute fal-
ciparun malaria and renal failure. After a five-day illness, the patient
was admitted to an army hospital in Vietnam. He had intense para-
sitemia (-3 per cent) and severe hemnolysis (hematocrit of t5 per vent.
gross hemoglobinemia. and hemoglolinuria). He also had hypovolemia
an1d hyponatreniia, and his initial supine blond pressure was 9Z/74 mm.

Fig. He had azotemia and oliguria. No tests for consumptive coagulo-
pathy were perforimned.

"le patient was treated with quinine, sulforthodimethoxine (Fan-
3Iil), and pvrimethamine. Subsequentl he was given peritoneal dialysis
for renal insufficiency. During the acute stages of the disease there
was only a minimal decrea~se ia the blood urea nitrogen with almost

Vot. 45, No. 10, October 1M9
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S three days of contitaious dialysis. A subsequcnt dialysis during con-
vAescence was followecd by a prompt decrease in thc blood urea nitro-
gen.

The initial slow response could have been due to dceased effi-
ciency of dialysis or to an increase in the patient's catabolic rate. A
markedly increased catabolic rate is suggested by tile increased urinar%
excretion of urca nitrogen during Ch ct lls' peilsui; in
this and other patients have also -iown decreased efficiency of dialysis
which returns to normal as-parasitemnia declines.-

Quinine given intravenously- in reduced amnounts is rcommendedd
for patients from- Vietnami Nho have mnalaria- and acute renal _insufli-
ciency. The presence of hemoglobinuria -is -lot a contraindication.
Ile -patient described above received ,.i gin. -of quinine during his
-first two days-inj-he hospital.-Quinine administere-i intravenously dur-
ing a -i'hour periodjproduced pleak concentrations gmrarer than 511ig./I.
but did not -produce significant electrocardiograiphic changes. WVc
now recommend that patients with falciparuin malaria- and renal iii-
sufficiency be treated- with- quinine -(6oo gin. per .4 hours) by constant
infusion- -for -several- days until prasites have-been eradicated- and oral
medicat -ion is tolerated, The-patient should also be given pyrimnethamine

R_ to decrease-the possibility of- relapse.
In the case that has- just -been dlescribed the renal insufficiency was

managed with peritopeal dialysis. T'his treatmntt is satisfactory for
most patients if used- early% in the course of the disease. AMany other
platients in V7ietnamn -have~ been treated with heiuodiavsis.4 -G Prior to
deployment of the- 629th Renal Unit to Vietnamn in mid t j 6 6 , patients
with renal insuffcienev were takcn out of the country. Trhere were
four deaths during evacuation or shortly thz-reafter. Since a renal unit
was established in Saigon, earlier treatment has becen possible and only
one death has occurred during evacuation.

Earlier recognition of impending renal insufficienc\ in patients %vith
severe infections and -hemnoglobinuria at the evacuation or field hospital
has also been important. Patients so identified are treated Nvith osmnotic
diuresis,-' which has altered the progression of renal insuifficienlcy inl
other conditions.'

In summary, acute renal insufiiciency in patienlts from Vietnam

-- who have falciparum malaria is general-ly associated %\ith severe infec-
tions, severe heiolysis, derangemients in electrolyte balance, hyp()ten-

SOL. N. Y. Acad. Med.
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sion, and consumptive coaguloparhy. Prompt treatment with reduced
I amounts of quinine given intravenously and osmotic diuresis or dialysis

has resulted in improved survival rates.

HEMATOLOGi(C COMPLICATIONS

lematologic complications of acute falciparum malaria include con-
sumptive coagulopathy, severe or prolonged anemia, and leukopenia.

Coagulation studies, including specific factor assays, were per-
formed on 3 American soldiers who had recurrences of acute fal-
ciparum malaria in this country." All patients had abnormal prc.
thrombin times or partial thromboplastin times, and 2z of the 31 h-d
platelet counts of less than 150,000. The factor assays showed that r

VII, VIII, and Y were depleted. Fibrinogen concentrations less fian
0o reg./iou m. were found in only 1o patients although the rerial

thrombin time was abormnal in all but two.
As noted above, the degree of abnormality of these coatuiaton

studies is directly :related to the severity of illness- in each patient.
Subsequent studies in human volunteers infected with falciparum ma-
laria-treated when symptomns first developed-showed only Mild throm-
bocytopenia' Treatment withl heparin of patients seriously ill with
malaria who had abonnal coagulation produced clinical improveme~nt
and partial correction of the -coagulopathy -within U to z4 hours. Con-
comitant antimalarial drug therapy confounds-the role of anticoagulant
therapy. Thrombi in various organs of moribund malaria patients sug-
gest that there is a relation between consumptive coagulopathy and
the pathophysiology of the disease. The depletion of coagulation fac-
tors may be an indication of thrombosis and correction with heparin
should probably be attempted.

Approximately zao% of patients with acute falciparum malaria de-
velop significant anemia, with henatocrit levels of less than 35%. The
anemia may persist and may require prolonged convalescence.

The degree of anemia is usually related to the severity of the in-
fection. However, patients may have mild infections and severe anemia;
some in this group have erythrocytes deficient in glucose-6-phosphate
dehydrogenase. Demonstration of this enzyne deficiency is compz-
cated by the preferential lysis of deficient cells in infection and by
hemolysis caused ON antimalarial drugs. Thus, during the period of

Vo. 45, No. 10, October 1%9
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TrAm.t: IlI.ACUT'E FAI.CIIPARUM MALARIA, FERROKINITIC

Plasma iron
Serum iron Plasma iron Transport rate

Patient ( g./O0 ml.) elearance (hr.) (ing./day/70 kg. man.)

1 98.0 1.42 39.9

2 90.0 1.65 1..9.1

3 35.4 0.33 69.8
4. 89.0 0.68 31.9
5 37.7 0.38 47.0

6 30.8 0.55 26.1
35.0 0.56 42.5

8 57.0 0.90 42.5
9 72.0 0.63 70.1

10 25.1 0.44 29.6
11 41.1 0.95 30.7

12 30.0 0.44 41.1
13 19.4 6.47 22.6

Mean 46.9 0.72 40.2
Normal range 70-160 1-2 20-42

severe anemia and before a new population of cells has been generated.
screening tests may not reveal the defect. Also, demonstration of other
red cell abnormalities that might be associated with hemolsis, such
as deficiency of glutathione reductase, is impractical 'in Vietnam.

A study of 13 patients with acute falciparutm malaria treated with
quinine, pyrimethamine .ind Fanasil showed a mean decrease of to

cent in the hematocrit during the first two weeks of illness. A signi-
ficant reticulocyte reslonsc did not occur until the ioth day of treat-
ment.

Ferrokinctic studies were performed in hc~se patients. Seruml iron
concentrations, plasma iron clearance times, and iron turnover data are
shown in Table III. The data were obtained prior to tr-atIllent and
show a normal ferrokinetic response to a demand for red cell forma-
tion. Serum iron concentrations were generallv decreased. There was
rapid clearance of the labeled iron, and calculated turnover rates were
at the upper limit of normnal. Subsequent red cell incorioraion studies
during antimalarial therapy are shown in Figure 2. S vcn of the 13
patients had abnormally decreased incorporation of Fe:. ' into red blood

Bull. N. Y. Acad. Med.
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Fig. 2. Ried blood ccli incorporation of F&5 t~ 1:3 patien~ts fromi Vietnam with~
aciat. fillciparm inalaria during tre'atmen~t with~ qiibiie. pryrnnwtftamne, and

sulforth£iatlloxine.

ells. TIhis abnormiahtv could be due Cither to ineffective erythropoiesis
or to preferential hemolysis of young cells. Preferential lysis of older
cellm would have produced a normal initial incorporation with a sub-
sequent decrease. Random hlcitvsis would not produce the observed
degree of abnormality without a marked decrease in heniatocrit.

Further studieq of anemia were designed to determine if the fer-
rokinetic ab~normlality ilit Oe duie to the anrtifolic acid actions of
pvrimeethamine on thec maturation of red blood cells.'-- iliirty-six pa-
tients were studied with 9 in' each of 4~ groups. All patients received
qulinhine and D)DS. Thle patients in, groups iand zreceived pyrinietha-
mine, 50 ing. daily for three davs. and those ini groups i and 3 re-
ceil-ed 6 ing. of folinic acid eve'rv i hours intramuscularly for iz
days. Ihe study was double blind, plalcelos being aidmin~istered when
appropriate. Fe" was given on the fourth day' of study.

T'here was little ditferenct- in ffhe averalre ieniatocrit decrease or

Vol. .IF,. No. 10. October 1969
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Fig. 3. The prolonged clinical course (if a patient froln \'ictniin who hlad recurring
falciparuim mnalaria despite a variety of thlerapeultic regimen~s, finally treated wit

tihethoprim.

reticulocyte response in the four groups. H-owecver, the rate of clear-
ance of parasites was more rapid in the twvo groups that rceived
pyrimcthamine regardless of treatment with folinic acid.

The data obtained from thc ferrokinetic studies show that plasmia-
iron transport rates were generally elevated b)ut there was no signifi-
cant difference between the treated groups. The plasmia-iron transport
rates were even greater than in the previous studyv and inversely pro-
portional to the heniatoerit onl the dlay of the studyr. Although red
lblood cell incorporation was minimally dlecreased from normal in one
third of the patients, the differencees were equally distrib~uted between
the various treatment groups. 'rhe degree of abnormality was much
less than in the previous study' arnd suggestedl an improvement in thle
incorporation of iron after the fourth clay of treatment.

We interpret the data is follows: during treatment for acute fal-
ciparum malaria the patients have all approprat initial response to
hemolysis, quantities of free iron are removed avidly from the plasma.

Bull. N. Y. Acad. Mid.
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Fig. 3. Continued.

Formiation or release of jnwlvy formed erythricytes is im1paired until
rhc-disease is controlled. In-the usual patient who has-only mild anemliia.
pyrinicthainie p)robaly dloes not contribute signifiearv-ly to this de-
laycd erythrokinctic response.

Howver, pryiniethaminc may inhibit rtopis nthpiet
who has severe hinolvsis and in whomn the demand for red blood ccll
production-is greatest. Study of the most anemnic patient inl eachi of thc
four different treatment regimnts in thle studs? described above showved
that the patients whio received pyrimethaminc, had a dlelay of three to
four days In reticulocyte response whien comp~jaredl to thle paiet
who did not receive pvrimicthiamine. The delay inl reticulocytosis was
not completely corrected byv folinic acid. Thle erythropoictic: response
in the patients whvlo received folinic acid wvas earlier than expected
but the early response could have b~een duie to the greater stimulus for

WAS 4. No. 10, October 1969
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the-production of red cells from -the severe hoolysis.
Th1ese -observations suggest a -dependent relation :l)coveen- the ad-.

:ministratio- of pvNriiethaine 3:1( a- a'delayed recovery from anemnia- int
those ,patients W~h6 have :-had- niodcerlv-d severe _hemolysis. Further
study- may - hovV whether. the -con-curreit- admninistration- 4f --folinic
i.cid has a- si ginfcant amelioratinig -effect- onl. -the ancmmi of: -ptients
who have severe hemolysis. Folinic -acid, did -not -itctrferc wilthe the
therapeutic- eiAcy of, pyiehrIn Responsc -to-treatnient was.-th

,sami .n, ptesteated ithl and-withiour -folinic acid. -During-thle -3o-
dayperiod -of observationi, -there-were no clinical-or--parasitologic re-

currences- in -any -of the- patienits-studied.
I-shotidd-like to illustrate ltwo6airiona -hnaogc cpwatiofls-

of malaria -ail 'their -ram-tby4scifi~ -ra-r t fli-
-parum-n mla -a-. ite -6 onths.

Caserepot. Teptentasza--. 5er-ld- white., ale -who entered
-the- -Ccrifl-fHighlands -of VietnAmn in -October 1966 (Figure 11CI-
received,-~U w eyChloroquiin-Priinaiquin -tablets- wihile -tlcre-.:-One mionth-

aftr -isarrival he-developed-fever, chills,_ -headache, and-msua

aches. A-diagnosis- of--falciparumiiialaria was-niad by -peripheral blood-
-smear and--the pain a optilized--inz-early :Decetiiibcr. HFis -inuitial-

-treatment consisted of quinine 6oo ing., every egt:ius<wiita
-mine 25 -mr. three- timies a -day; and diiaintodlip~heylsuilphone- -(DDS)
25j ing.. daily. The pyrinicthainine wais given for -three days and Atle.
quinine -for three weeks.- -Despite -this therapy and continued- -DDS,

thepatient-again -developed fever, and parasitei ijanuary, 1967.
Between that recrudescence -and his transfer to the Walter Reed
-Hospit' al, Washington- D.C.-, the patient continued to -have internnitirent
fever and parasitemia desp'ite a variety of antimnalarial -programns. Onl

-one -occ-asion -therapy was interrulptedl because of panlcytopenia, thought
tobe drug-induced. -HJe was admitted to WValrer Reed- GelleraiI Ilos-

:pita! on April 13, t967. Phyvsical examnination at the tinec of adimlissio1
showed a young Caucasian iiiale w~ho was febrile, pale, and' icteric.
The spleen- was palpable ciii. below the left costal margin. A blood
smnear shoWed A. falvparimi. The hemiatocrit %vas 18 per cent; white
count z,200 cells/min.3; platelet count too,ooo/niin.-; anid the reticulo-

cyre~~~ conTa .~ he sertum bihirubin was _,.8 aug..toii.drc

reactingy fraction.-Serum urea nitrogen was ;j ing. i~o ml1. Assay for
red blood cell G-6-PD w~as normal. Urine urobiliaioten was- positive

Bull. N. Y. Acad. Mod,
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in i8o dilution. There wa~s no significant urinary sediment. The pa-
tient had orthosratic hypotension, which improved after hie received
threc units of w~hole blood(. Two days after admission hie developed a
severe headache and his temperature increased to 103 degrecs. He was
given 6oo m1g. of quinine every eight hours; three units of blood wecre
administered because of severe anemia. D~uring the qjuinine therapy, the
WBC count remined b~etweenl 3,000 and 3,80o cells/imm?; and the
latelet count was 8o to i ,ooo. mm.' F~our additional units of blood

were given because of continued hemolysis. On thle fifth day of thcr-
apy the patient was afebrile an(1 quinine was discontinued. Thle BUN
had decreased to i, mug./ ioo nil. NMalaria smears were negative for
two days, but again became positive on April 25 -and thle patient againl
b~ecame afebrile. A buine mtarrow examilnation obtained onl April ,8
showed erythrocytic lwperplasia with sonme dyspoiesis; granutlocytie
hypoplasia and malaria pigment were also present. Because of contini-
tied hemnolysis and the lack of satisfactory response to previously ad-
ministered antimalarial medication, trimiethoprim 1,500 tug. daily w~as
started onl April z8 and was continued for seven days. After thle fourth
day of therapy, blood smears were negative for p)arasites andi (he pa-
tient was afebrile. D~uring therapy' the \VBC count remiainedl between
z,8oo andi 3,900 Mcl/uuad the platelet count varied betwveen 90,000
anid i6 ;,oo() mm.i;' lRticulocvies decreased from 13I to 1.5% After live
days of triniethoprimi therapy. the b)one marrow showed hvpoplasia and
Ial1ollastosis. After cessation of therapy, there wvas continued clinical

imiprovement and all blood elements returned to normal.
I xukopecni.i occured onl iour occasions inl this patient and coincided

with recurrences of the infection andl antimalarial therapy. Such a re-
sp~onse is not usuial. lDecre:sed nmbtiers of white cells inl thle peripheral
1)1ood( is a commtlon initial finding. I lowever, with effective treatment,
the white cell count increcases and it is usually greater thanl 4,0o0
cells/turn.' by the fourth day of therapy. [his patient had a progres-
sive decline inl thle count of white blood cells with therapy onl at least
three occasions. The bone marrom~ showed granutlocytic 1w poplasia.
O ther piatients undler similar circuttstanees have shown a maturation
ar'rest of the itivelocvt ic series, These findings muay indicate an idiosvnl-
CIMtIC reacttl 1 to onle of tile druirs employed.

T[his p~atient also had a sevcre hetmolytic proccss while beingz treated
withi quinline for thle last recurrence. P'araisite (letsit\. counts were low

Vol, 45A N. 10, Ocoher 1969J
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and did not account for the severe hemolysis. No evidence of a defi-
ciency of glucose-6-phosphate dchydrogenase vas found. The Coombs
test was negative. However incubation of the patient's scra and normal
red cells with quinine produced agglutination of the red blood cells
(not observed with control sera). \Ve therefore suspected that heilol-
'sis in this patient was related to the administration of quinine and
we treated him successfully with triniethoprim. The severe hemolytic
episode occurred after prior courses of quinine not associated with
comparable hemolysis. Quinine-associated hemolysis in patients from
Vietnam had been seen previously after repeated courses of quinine.
They have also showvn a positive Combs test." The absence of a posi-
tive Coombs test in this patient suggests an unusual antigen-antibody
reaction.

In summary, hematologic complications of malaria or malaria ther-
apy include decreased circulating platelets, erythrocytes, and Icuko-
cytes. Thrombocytopenia is seen in association with consumptive coagu-
lopathy or rarely in association with drug ther:y. Severe hemolysis,
although generally related to intense parasitcmia, may be associated
with specific red cell enzyme defects or with the a(lmiilstration of
quinine. The usual patient with hemolysis secondary to malaria in-
fections has a delayed erythropoietic response until paraiitemia has been
eradicated. Pyrimerhamine probably does not contribute to the delayed
response unless anemia is severe. Leukopenia is common during the
first few days of an acute attack of malaria, but the count of white
blood cells approaches normal with therapy. A decrease in circulating
lcukocytes to levels less than 3ooo. nam.? during therapy may" represent
an idiosyncratic reaction.
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